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AB$TRACT 

Techn1ques were stud1ed for the preparat1on of homogeneous columb1um-

tantalum~alloy powders, A powder metallurgy approach was found sat~sfactory. · 

Quantltles of -200.mesh powder rang1ng from h,2 to 4.7 pounds were prepared for 

each of the followlng nom1nal compos1t1ons: 25% tantalum-75% 'columblum, 

50% tantalum-50% columblum, 75% tantalum-25% columblum, and lOO%.tantalum. 

F1nal n1trogen conterit was somewhat hlgher than deslred, but the powders we·re 

sat1sfactory ln other respects. 
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Job Order No. 840-95380-R 

A. Introduct1on 

PREPARATION OF TANTALUM
COLUMBIUM ALLOY POWDERS 

N1agara Falls, New York 
May 10, 1963 

The Metals Research Laborator1es acted as a sub-contractor, under Kemet 
P. 0. 233-41344, for contract No. NObsr-87478 between the Navy-B~reau of Sh1ps and 
Kemet Department_of the L1nde Company. The ObJeCtlve of the sub-contract effort 
was to prepare and analyze several pounds each of four d1fferent alloy powders, 
25% tantalum-75% .. columblUm, 50% tantalum- 50% columblUm, 75% tantalum- 25% columb1um, 
and 100% tantalum. The powders were to be subm1tted to the pr1me contractor for 

.. evaluat1on. 

The contractor preferred that the alloys be prepared by powder metallurgy 
techn1ques. Th1s necessitates homogen1zat1on of the alloy compos1t1on dur1ng the 
s1nter1ng operat1on. Est1mates of 1nterdJ.ffus1on coeff1c1ents 1n the tantalum
columblum alloy system, as descr1bed 1n the Append1x, 1nd1cated that homogene1ty 
could be ach1eved by s1nter1ng for several hours at a temperature of 2000°C. or 
h1gher w1th well blended, -200 mesh powders. Accord1ngly, the powder metallurgy 
approach appeared to be feasible. 

The exper1mental program cons1sted of f1rst p1lot1ng small samples of 
two compos1t1ons to determ1ne whether a sat1sfactory product could be obta1ned 
and subsequently proceed1ng w1th the preparat1on of several pounds of each com
posltion. Because of t1me cons1derations, the two phases overlapped and pro
duction of the f1nal powder was 1n1t1ated as soon as 1t was .1nd1cated that homo
genelty could be ach+eved w1th the f1rst of the two p1lot samples. 

B. Exper1mental Techn1ques 

Two ball m111s, each of about one-gallon capac1ty, were used for m1ll1ng 
and blending. One m1ll was l1ned w1th tantalum and ut1l1zed arc-cast tantalum 
buttons as gr1nd1ng med1a wh1le the other was l1ned w1th columb1um and ut1l1zed 
rectangular lumps of columb1um plate tr1mm1ngs" Both nnlls were equ1pped w1th 
O-r1ng seals and were loaded and unloaded 1n an argon-f1lled.dry box. E1ther 
v1bratory or rotat1ng mill1ng act1on was used. 

Compact1ng was done 1n a p1ston-type hydrostat1c press hav1ng a 1.77-
lnch d1ameter chamber w1th glycer1n as the flu1d med1a. Load was appl1ed to the 
p1ston v1a a 500-ton hydraul1c press. 

Heat-treatment.was done 1n an NRC res1stance-heated vacuum furnace, 
type 2915B, equipped w1th tungsten heating elements and tungsten-molybdenum heat 
sh1elds. The furnace 1s des1gned to operate for prolonged per1ods at 2200°C. and 
interm1ttently at temperatures up to 2400°C. 1n vacuum, 1nert gas, or hydrogen 
atmospheres. When hydrogen was used, cyl1nder hydrogen was passed th!ough a 
plat1num catalyst and a Lectrodryer to prov1de a dew po1nt of about -40°C. Tem
perature was measured w1th.an.opt1cal pyrometer. The furnace does not prov1de 
perfect blackbody,conditions, so correct1ons must be made for em1ttance, and 
the furnace manufacturer provided temperature correct1ons for the range of 1600 
to 2150°C. The correct1on was approx1mately 100°C. for the s1ntering range used 
1n th1s program. 
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Arc meltlng for control samples was accompllshed ln a tungsten electrode 
furnace equlpped Wlth_water-cooled copper hearth pl?tes. Meltlng >vas done ln an 
atmosphere of hellum, pre-purlfled by passlng through Zlrconlum chlps heated to 
800°C. A columblum button,was melted flrst to further getter the atmosphere. 

Homogenelty >vas studled by means of an AEI electron mlcroprobe. The 
spot dlameter was approxlmately 2 mlcrons and radlatlon was measured for 40 
seconds. 

Denslty was determlned by dlsplacement ln mercury. 

C. Preparatlon of Pllot Alloys 

1. 25%,Tantalum Alloy 

The 25% tantalum composltlon was selected for the lnltlal processlng 
study Slnce th~s alloy had the lowest lnterdlffuslon coefflClent. The alloy 
was processed ln accordance Wlth the flowsheet shown ln Flgure 1. It was con
Sldered appropriate to lnclude an arc-meltlng step ln the lnltlal study as a 
control and ln the event that an alternatlve consolldatlon technlque would be 
requlred. 

a. _ Mllllng 

HYdrogen-bearlng columblum from Lot BM 818 and hydrog~n-bearlng 
tantalum from Lot 1883 were ball mJ.lled to -200 mesh ln the columblum-llned 
and tantalum-lined mllls, respectlvely. A 3/4-pound charge 9f tantalum was 
completely reduced to -200 mesh in one hour whereas a 2-pound charge of 
columblum was 78% reduced to -200 mesh.ln 6.5 hours. The relatlve ease of mlll
lng of the two materlals lS undoubtedly largely due to thelr respectlve hydrogen 
contents. Partlcle SlZe dlstrlbutlon lS shown ln Flgure 2, and lnterstltlal 
content before and after mllllng ln Table I. Both the oxygen and carbon con
tents lncreased durlng mllllng. The hydrogen .. contents shown ln Flgure 2 are 
for the a~-mllled_mater~al.. The pa~tlcle slze dlstrlbutlon was determlned after 
dehydrldlng, but the dlstrlbutlon should not be affected slgnlflcantly by that 
treatment. 

b. Dehydndlng 

The tantalum powder was dehydrlded by sloVJly heatlng to the temperature 
raD_ge of 700 to 800°C, ln vacuum and hol<hng untll degasslng was complete The 
flnal furnace pressure was 0.06 mlcron and the leak rate cold was 0. 36 nncron 
per hour. The columblum powder was dehydrlded ln the same manner. The flnal 
pressure was less than 0.01 mlcron and the leak rate was 1.8 mlcrons per hour. 
The dehydrldlng treatment had no slgnlflcant effect on the bulk denslty but the 
oxygen content was apparently lncreased by about 8% as shown ln Table I. 

c. Blendlng 

. A charge of 200 g. tantalum and 600 g. columblum was blended ln the 
columblum-lined ball mlll for 30 mlnutes and rescreened through 200 mesh. The 
bulk denslty lS glven ln.Table I. 

d. Compactlng 

An attempt was made to press a one-pound compact 1/2 lnch Wlde by 10 

-2-
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inches long ln unlubrlcated steel dles at '35 TSI. Thls was not satlsfactory as 
the compact had poor green strength.and crumbled du~lng handllng. 

Supsequently, fl.Ve samples welgh;wg from ll to 188 g, e~ch (a total of 
409 g.) were compacted hydrostatlcally at 40 -TSI w cyllndrlcal plastlsol molds, 
l/2 to 7/8 lnch ln dlameter 1 The resultlng compacts had a green denslty of 
8.0 g./cm.3 and the green strength was qulte satlsfactory. 

The compacts were Slntered ln a tantalum cruclble contalnlng a bed of 
blended 25% tantalum-75% columblum alloy powder. The slnterlng condltlons were 
as follows: 

Temperature, °C. 
Optlcal · Estlmated 

Range NomlnaJ True 

1970-2050 2025 2120 

Tlme 
Hr. 

.23 

Flnal 
Pressure 

Mlcron 

0.02 

The loose powder Slntered to the cruclble and to the compacts and was not 
recovered. The compacts were successfully broken out Wlth a small amount of 
Slntered p0wder adherlng to the bottom of each compact. Chemlcal analysls 
lndlcated a marked reductlon in lnterstltial content durlng Slnterlng as shmm 
ln Table I. The Slntered denslty was 9·3 g.jcm.3. 

f. Arc MeltJ.ng 

Three of the s1ntered bars weighing a total of 211 g. were tungsten 
arc melted- four tlmes ln l/2-- by 1:. by 5-lnch copper. bar mold, lnvertlng between 
each melt. The current was 300 to 480 amp. DCSP. Analys1.s lndlcated a furtller 
.reduct~on ln carpon content and a sllght lncrease ln oxygen content (Table I). 
Denslty lncreased to 10.1 g./cm.3. 

g. Homogenelty 

Transverse sect~ons l/4 lnch thlck were cut from the center of the 
arc-melted bar and from a sintered bar. MetallographlC examlnatlon revealed_no 
gross lnhomogenelty. The Slntered bar contained numerous small pores rather 
unlformly ·dlstrlbuted wh1.le the arc-melted bar was free -from poroslty as would 
be antlcipated by the hlgh denslty. 

The results of electron_mlcroprobe examlnatlon are glven ln Table II. 
The reported values for tantalum were calculated from a pure tantalum standard 
~nd may,not be quantltatlvely preclse, but the relatlve tantalum content among 
the varlous spots ln the same sample spould be qulte preclse. A new fllament 
was lnstalled ln the probe prlor to examlnatlon of the arc-melted sample. 
Fllaments tend to be somewhat unstable untll aged and several readlngs were 
dlscarded because of an obvlous drlft in fllament current. Thls tendency toward 
lnstablll ty may account for the sllghtly larger standard .devlatlon ln .. that sample. 
Howeve~ the pomogenelty of both samples appeared to be qulte satlsfactory for 
thls lnvestlgat~on ln whlCh the nomlnal gross alloy content.dlffers by 25% between 
composltlons. 

-3-
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The average tantalum content of the arc-melted sample was 8% h1gher 
than that of the s1ntered sample. No great slgn1f1cance should be attached to 

--thJ.,s 1n the absence of conf1:rrnng_ quant1tative analys1s s1nce the -cal1bra~lon 
would be affected by surface.cond1t1on of the spec1men and dens1ty of.the spot 
volume. The dens1ty d1fference between the t·wo samples lS 1n "):;he r1ght d1rect1on 
to account for· the dlfference ln apparent average tantalum content. 

h. Hydnd1ng 

·Tantal-y.m)absorbs hydrogen qu1te rap1dly at temperatures-1n the order 
of 400 to 500°C. \ 1 . ·The cr1t1cal temperature range f_'or columb1um 1s probably 
qu1te close to that for tantalum. W1th large masses of metal, hyd:ndlng 1s 
usually accompl1shed by h~at1ng the charge above the cr1t1cal. temperature then 
allm-nn_g 1t to cool w1th:~,n the furnace. The cool1ng rate through the cn,t1cal 
range lS' sufflClently_ slow so that ample quant1t1es of hydrogen are absorbed, 
prov1ded that the surface of the metal 1s .. clean, S1nce the- mass of the charge 1n 
tpe present program was SO small, the COOllng rate through the CrJtlCal range \-laS 
controlled by reduc1ng_ the' furnace current perlodlc_ally. The cr1 t1cal temperature 
was be-low the range at wh1ch the opt1cal pyrometer could 1;Je used, so 1t was 
necessary to-step cool 1n small current 1ncrements and to def1ne the cr1t1cal 

- range by observlng _a drop :1n the hydrogen pressure. The furnace was then rnaln
talned at constant current unt1l the pressure beca·me· stable. In order to prov1de 
.a greater. surface area fo_r absorpt1on, the s1ntered. and arc-melted bars were 
cold-rolled to a max1mum of l/16-lnch th1ck shee.t >·llnch was degreased and p1ckled 

··- m 10% HF- 90% HN93 . ~he sheet was sheared 1nto small p1eces and placed 1n 
tungsten cruc1bles for the hydr1d1ng operat1on. 

The f·Lrst three attempts at hydnd1ng were unsuccessful due to leaks 
deyelop1ng 1n the vacuum furnace dur1ng the run and/or cool1ng too rap1dly 
through the cr1t1cal: range, On the fourth attempt, a techn1que "\-ias adopted 

. v1h1ch appeared to be sat1sfa~t~ry, The charge "\v~s heated to l400°C. Hl vacuum 
to dlStlll off any surface lmp_urltJ.eS -and dlSSOlve any resldua.l_ OXlde fllffio 
Hydrogen was then 1nt:roduced to one-pound po~nt1ve pressure and the furnace , 
allmved to coGl to 700 to 800°C. Thereafter the furnace current was reduced 1n 
5.0-ampere steps ( correspondlng_ to 30 to )0°C ) every 30 m1nutes unt1l a d1st1nct 
.pressure drop v1as .noted, Thereafter, the furnace was held at each current ·lncre
ment untJl.hydrogen absorp~1on appeared to b~ complete. When no pressure drops 

_ >vere observed dur1ng further step cool1ng, the pm-ier wa:o shut ·-off .. and the furnace 
cooled overn1ght under one-pound·- hyd:r:-ogen pressure. The hydrogen content of the 

.alloy was 1ncreased to 870 parts per m1ll1on and the sheet was embr1ttled. 

1. M1ll1ng 

The hydrl9-~d sheet was ball m1lled 1n a columb1um-l1ned nnll and 71% 
of the charge was reduced :to.-200_.mesh J.n e1ght hours. The powder was not 

. further analyzed as fu:rnace leaks were }~nown· to have developed dur1ng two of the 
hydr1d1ng run<?·_and thEi" product .would-not- be expected to have h1gh purlt;Y· ., . •' 

2. 75% Tantalum Alloy · 

It was thovght adv1sable to pre'pare a 3Illall s1ntered bar of the 75% 
.tantalum composltJ.on for h,ornogene1ty deternnnat1on, ··to ensure that there was no 

:.-.4-
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.. -. 
-

adverse and unexpected effect of composltJ.on on the Slnterl.ng characterlstlcs. 
The technlques were the same as those used for the 25% tantalum alloy. 

The f~rst 100-g. charge was ·lost durlng blendlng when a holdlng strap 
.on .the' Vibratory, ball mlll broke and the C~:mtents were thrmm \>Ut Of the mlll. 
A second 100-g, charge was ~ost when a ceramlc' boat was lnadvertently used as a 
support for the compact durlng Slnterlng. The ceramlc melteq .a?d contamlnated 
the compact, An addltlOnal 102 g, were absorbed ln the columblum llnlng of the 
ball mllL durlng blendlng, but a 9$-g, compact >vas successfully-prepared and 
Slntered ln a tanta.J,.um cruCl"l?le under the follmnng condltlons· 

Temperature, OC, · Flnal 
Optlcal Estlmated Tlme Pres sur~, 

Range Nomlnal True Hr. Mlcron --·-

2050-2150 .. 2100 2205 23.5 < 0.01 

The lnterstltlal content_was effectlvely,reduced dur1ng Slnter:).ng.and_the denslty 
was lncreased to 12.:8 g./cm.3 as sl1own :Ln TabJ_e· I. 

~he resul~s of electron mlcroprobe examlnatlon of a sample cut from 
the center of the bar are ·lncluded ln Table II. The homogenelty was comparable 
to that achteved Wlth_the 25% tantalum alloy, 

~ .. 

No·· further work was done Wlth the 75%- tantalum pllot· .. alloy sample. 

D. Preparatlon of Productlon Alloys 

The pilot program J.ndlcated that satlsfactory homogenelty could be 
achleved by-the powder metallurgy :route. Conslderatlop ef va:r:lous losses sug
gested that .. an 80%- recovery might .. be expected. SlDce tl}e target quantlty was 
flve pounds of each compositlon, an lnltlal charge of 2840 g. per all:oy was used, 
The alloys-were produced ln accordance Wlth the flowsheet shown ln Flgure 3· 

L Milling 

The columblum and tantalum were taken from the same lots as were used 
for the pllot alloys. The columblum was not sufficlently brlttle for mllllng_to 
-200 mesh ··ln the quantltles requlred for the productlon alloys, as only l/2 pound 
of -200 mesh was obtained after. six hours milllng of a 9-pound charge and only 
l pound was obtalned after_ 7-3/4 hoursmilllng qf a 4-l/2-pound charge. Therefore, 
the columblum was rehydrlded ln the same furnace run.as.the flnal hydriding opera
tion Wlth the 25% tantalum pllot alloy. · The result:mg hydrogen content was 0 .85%, 
an~ lOG% of that materlal was mllled to -200 m~sh ln Sl~ hours. The partlcle SlZe 
dlstrlbutlon shown ln Figure'2 indicated a smaller proportlon of the coarser 

.·frq.ctlOns (> 25 microns)· than had been· obtaJ,ned \nth the materlal used for the 
pllot alloys. 

The tantalum mllled satlsfactorlly WJ,thout rehydrldlng. The SlZe dls
trlbutlDn was slightly, altered from that prepared for the pJ.lot alloy (Flgure 2), 
probably,because of the lncreased charge welght and lncreased mllllng tlme. 

· 2. Dehydndlng 
-

The tantalum was 'dehydrlded by heatlng overnlght ln yacuum at a maxlmum 
temperature of 975°C. The flnal pressure was 0.01 mlcron, The columblum was 

.,.5-
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.. 
dehydrided ln the same manner at a maxJ.mum temperature of 845°C,-wlth a flnal 
pressure of o"o4'mlcron .. 

3. Blendlng 

The alloy addltl'ons were welghed and blended for 30 mlnutes ln the 
tantalum-llned ball mllL An appreclable •~elght ga_1.n was obtalned ln each ,case, 
Thls was assumed to be tantalum plckup from the mlll lln:mg and the tantalum 
grlndlng medla_ whlch would alter the nomlnal alloy tantalum content as shown ln 
Table III, The lnterstltlal analyses lncluded ln Table III Wlll be dlscussed ln 
a later sectlon, 

Cyllndrlcal compacts. were pre-pared by hydrostatlc presslng ln rubber 
molds at -40 TSL" The green compacts were 3/4 to l lnch ln dlameter by 1 to 1-1/2 
lnCDeS hlgh.and welghed 145 to-165 g, Green densltles are glven +n Table III. 

5, Slnter_lng 

The compacts were stacked on a tungsten plate for Slnterlng under the 
conditlons glven ln Table IV, The lntent was to Slnter two alloys at one tlme 
but lt was found too dlfflcult.to keep the charge from contactlng the heatlng 
elements Wlth such a large mass ln the furnace" After the flrst run, a Slngle 
alloy, was Slntered at one tlme, One attempt_.was made to hydrlde· durlng __ coollng 
from the SlnterJ_ng cycle but lnsufflc~ent hydrogen was absorbed, presumably due 
to the low surface area:volume .. ratlo of the compacts. 

-For these prolonged heat-treatmen~s, the furnace was allowed to run 
.unattended overnight Slnce ·· lt was equlpped Wlth safety. devlces whlch would pre
vent damage due to power fal~ure, low water pressure, leaks ln the vacuum chamber, 

. etc, On several occaslons,· the furnace shut off durlng the nlght, causing some 
uncertalnty ln the Slnterlng tlme for two of the alloys, -However, all materlals 
except the unalloyed tantalum-were Slntered for at least 24 hours, Since no 
lnterdiffuslon was required for the tantalum, the mlnlmum of 18 hours was 
consldered adequate. 

A total of nlne furnace runs were requlred to complete Slnterlng of the 
four alloys. The tungsten heatlng elements were replaced three tlmes, twlce 
because the elements warped and cracked upon .. contactJ-ng the ·charge, and once 
when they were broken ln handllng Whlle a leak WaS belng repalred,at the bottom 
of the furnace .. 

All compacts were .cold-rolled to 0.037-lnch thlck sheet, degreased, 
and plckled .. u1 10% HF-90% HN03 pnor to hydndlng. The denslty of the cold
rolled ,materlal closely, approached theoretical dens1.ty as lndlcated ln Flgure 4. 
Theoretlcal denslty was estlmated to vary llnearly Wlth the -atomlc per cent of 
tantalum present. 

· 7 , Hydndlng 

Hydridlng was done ln accordance Wlth the technlque devlsed.for the 
pllot ... a:J..loy, A"· typical furnace record lS shown in Flt,rure 5, The relatl vely 

-6-
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large -mass of the charge ln hydrldlng the product2on alloys resulted ln a lm-1er 
cool~ng rate· after the power was. shut off, ·Consequently, hydrogen contents of 
these alloys were much hlgher than that_of the pllot alJ,oy, ranglng from 2800 to 
5900 p,p.m .. (Table III), 

The 25% tantalum alloy was mllled .:m the columblum-l:med ball mlll and 
all others ln the tantalum-llned mlll. Mllllng ~ass varled between 70 and 482 g. 
Recovery flgures are -glven ln Table V, J.ncludlng the overall values for .. tb,e 
productlon operatlon, 

9. Product Analysis 

A n.ff'led. sample of the -200 mesh powder was analyzed for partlcle SlZe 
dlstrlbutlon, bulk densJ.ty, and ·chemlstry. Bulk denslty, :1ncreased Wlth tantalum 
content as shown ln Table III and Flgure 4, , Partlcle SlZe dlstrlbution lS shown 
ln Flgure 6. The 26cjo,tantalum alloy cont~J_ned the least flnes ·des·plte the hlghest 
hydrogen content and the longest mllllng tune.. ·The unalloyed tantalum contalned 
the greatest amount of -400 mesh _maten.al, .. 

Chemlcal analyses are glven ln Table III and the estlmated change ln 
purlty from the startlP~ materlal ~s shown below: 

Alloy 
Element 25 Ta 50-Ta 75 Ta 100 Ta 

, C, p .. p.m .. -25 -120 --85 '-70 
o, p.p.m. -450 -900 -1450 -700 

.N, p.p.,m. +78 ,+275 +542 +270 
:Ta, % +.L3 +7·3 .+5 ~8 -1.0* 
Accountable Ta, % 1.3 1.8 2.0 0 
Unaccountable Ta, % 0 5·5 3 .. 8 1.0 

.. x- Based on Cb plckup of 1% 

The carbon and oxygen contents .. were reduced durlng processing but the nltrogen 
content lncreased. The elemental columbJ.um startlng materlal had an abnormally 
hlgh nltrogen content of 630 p.p.m .. , an lncrease of 500 p.p,m. over the lot 
analysls. ThJ.s was unexpected and sJ_nce ·the analys1.s was not avallable untll 
after blendlng .·and compactlng had been completed and slnterlng was partlally 
completed, it was not.posslble to make substltutlon at .. that tlme. Data for the 
two pilot· alloys indlcated_that nltrogen would be reduced durlng the slnterlng 
step so -it was antl.Clpated that the flnal m.trogen contents of the product.lon 
alloys would be low desp1.te the relatlvely high lnltlal nltrogen content. How
ever, nltrogen: lncreased .rather than decreased dur;mg ,processlng, Nltrogen could 
be J.ntroduced lnto the process through an undetected leak ln the vacuum -furnace, 
as an·, J_mpun.ty ~n the hydrogen gas, or posslbly durlng mllllng. The actual source 
of thE; n:1trogen is not known. at .. ·thJ.s tlme. The only known source for tantalum 
plckup wo·uld· be 'the ball mllL used for blendJ.ng aqd, mllllng, The welght. galn 

. dur;ing blend;:mg coul'd accqunt for 'that portlon of the J.ncrease labeled "accountable 
tantalum." The addltJ.onal tantalum J_n. the 50 and 75% tantalum alloys could result 
from a. net galn 2n tantalum dur2ng the flnal mJ.lllng operatlon desplte the overall 

_ welght loss or from a comblned alloy loss· and tantalum plckup durlng the blendlng 
operat·wn, The former reason is favored Slnce the 25% tantalum alloy was m:1lled 

-7-
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ln a_columblum-llned mlll_and contalned no unaccountable tantalum, Any tantalum 
plcked up dun.ng the flnal, mllllng operatlon would be present. as elemental tan
talum and would be presumably,dlstrlbuted unlformly throughout the alloy powder. 

The 1% columblum ln the unalloyed-tantalum powder was .undoubtedly 
plcked up from the ball mlll. 

·E. Materlals-Balance 

A materlals balance for tt,e raw materlals, pllot alloys, and productlon 
alloys lS presented J.n Tables VI,. VII, and VIII, respectlvely. 

-8-
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TABLE I 

Denslty and Composltlon of Pllot Alloys 

Unalloyed Nomlnal Unalloyed 
Denslty, 

. 3 
Columblum 2')% Ta 75% Ta Tantalum g ./_em. 

Bulk, -200 mesq, hydnded* 3 6 6.6 
Bulk, -200 mesh, dehydrlded* 3·5 4.1 5,6 6.6 
Green, 40 TSI compact 8.0 10.4 
Slntered 9·3 12.8 
SJ.ntered and arc mel ted 10.1 
Bulk, ·alloyed powder* - 3.8 

Composltlon, popomo 

As-recelved, c So 160 
Lot .. analys J.s 0 2700' 2000 

,N 130 90 

-200 mesh, c 220 590 
as-mlll.ed 0 3800 2700 

H 1~00 3500 

. -200 mesh, c 250 ( 33$) (512) 6oo 
dehydrlded** 0 41.00 (3800) (3200) 2900 

'H < 10 (< 10) (< 13) < 13 
N 190 (172) (138) 120 

Slntered c 150 60 
0 200 .300 
H < :lO 17 
N < 100 < 100 

Sintered and c 50 
arc melted 0 300 

H 12 
N < 100 

-200. mesh, H 870 
hydrlded alloy 
powder 

* Converted from Scott denslty, g./ln. 3 

** Alloy lnterstltJ_al content calculated from that of elemental addltlons 
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-TABLE II 

Electron Mlcroprobe Analysls of Pllot AlLoys 

25% Ta-75% Cb 75% Ta-25% Cb 

Slntered Arc Melted Slntered 
LocatlOn No. % Ta LocatlOn No. % Ta Locatlon No. % Ta 

Random spots on 
unetched· surface 

Etched, Graln l 
II U 

l 
2 
3 
4 
5 
6 
7 

8 
9 

, II II 10 
Etched, Graln 2 ll 

11 rr 

II II 

Etched, Graln 3 

Sample 

12 
13 
14 

25% Ta, Slntered 

26ol 
23.8 

.27 .o 
26.7 

.. 26.7 
26.4 
27.1 

26.2 

Random spots on 
unetched surface 

l 
2 
3 
4 
5 
6 
7 
8 

26 )L ·· Etch,ed, Graw 1 9 
10 
ll 
12 
13 
14 

,2q,8 
26.2 
25·9 
26.0 
25.6 

II II 

rr rr 

Etched, Graln 2 
II " 
II II 

Etched, Graln 3 15 
Etched, G, boundary 16 

· Statlstical Analysls 

No. of 
Determinatlons Avg. High 

14 26.2 27.1 

25ojo,Ta, arc melted 16 28.3 29·9 

75% T~, Slntered 20 76.8 79·8 

29.0 
29.9 
27.1 
27·7 
29.2 
27·5 
28.5 
29.9 

26.8 
26.8 
29·9 
28.8 
28.0 
28.0 
29.5 
29.5 

.Longltudlnal 
survey, spots 
spaced 500-600 
mlcrons on 
unetched surface 

Transverse 
survey, as 
above 

~ Tantalum 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Low _Range Std,Dev. 

23~8 3·3 0.78 

26.3 3.6 L04 

74·5 5·3 .1.44 

76.8 
79.0 
76.8 
78.1 
76.3 
74.5 
75·3 
77·2 
76.7 
78.8 

78.2 
79.8 
75·1 
75·2 
75.0 
77·2 
76.8 
75·9 
75·3 
77·2 
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TABLE III 

Density and Composltlon .. of Productlon Alloys 

·_ 3 Unalloyed Nom1.nal Unalloyed 
Denslty, g./em. Columblum 25%. Ta 50% Ta 75% Ta . ·Tantalum 

' ' . ·;: 

-
Bulk, blended, powder* 3.1 4"2 5·3 .6.,1 6.2 
Green, 40 T9I compact 8.0 .9.2 L\ ... 0 12.8 
Slnter.ed- and .. cold- rolled 9.8 '' 10.7 13.3 16.4 
Bulk,· alloyed powder* · -= 3·7 4.4 5.4 6.6 

Co~posltlon, ,p;p.m. 
-, : 

-200 mesh, r< 100 (125) (150) (175) 200 v 

dehydrided 0 4500 (4050) (3600) ( 3150) 2700 
blended powder** H ·16 (80) (143) (206) '·270 

':· N 630 .. (502) (375) (248) 120 
Ta (%) (26.3) (51.8) (77.0) BaL 

-200 .mesh,: C" ::.. 100 30 90 :uo 
hydrlded allo;J' 0 - 3600 2700 1700 2000 
powder' H 5900 ·5100 3200 2800 

N 580 650 790 390 
Ta (%) 26.3 57-3 8o.8 Bal. 
Cb (%) 72.2 41.4 18.3 0.96 

* .Converted ·from Scott denslty, g./ln.3 

** Alloy ;tnterstltJ.al content calculated from that of elemental addltlons; 
ailoy tantalum content cor:rected for welght .galn durlng blendlng. 

,, -
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TABLE IV 

_S1nter1ng Cond1t1ons for Product1on Allqys 

Temperature, oc. F1nal 
Opt1cal' ·· Est1mated T1me, Pressure, 

Alloy ·Range ' Nom1nal 'T' . _rue Hr. M1cron 

25Ta-75Cb ,2025-2060 .. 2050 2150 24 < 0.01 
50Ta-50Cb 2020-2070 2050 2150 24 0.04 
75Ta-25Cb ·1970-2100 2050 2150 26.5* 0.02 
lOOT a 2020-2.),30 2050 --2150 18 * 0.02 

;_ s... 

* Minimum 

TABLE V 

Recovery Values for Product1on Alloys 

Recovery of_ -200.Mesh Powder 
F1nal. Mll.llng Overall 

Alloy % of·· Charge·· o/o of Product % of Charge % of Blend 

25% Ta 76 94 67 66 
50'/o.Ta 78 84 72 ~9 
75% Ta ,72 82 73 68 

100'/o Ta ·81 87 75 75 
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TABLE· VI 

Mater1als Balance for Raw Mater1als 
(Welght' Given ln Grams) 

Purchased 
Net gain during mill1ng 

·' Total 

Alloy Uses 
. _ 25% Ta p1lot al.loy 
- 75% .Ta pilot_ alloy 
,75%-Ta production alloy 
50% Ta productwn alloy 
25% Ta product J.on a lJooy 

lOO%'Ta productwn alloy 

Sub-total 

Losses 
__ Mllllng 
Dehydrid~ng, samplin~, m1sc. 

Subtotal 

On Hand 
-200,Mesh 
+200 Mesh 

Subtotal 

Total 

Columb1um 

5448 
188 -

5636 

Boo 
50 

710 
i420 
2130 

0 -

5110 

0 
209 

209 

45 
272 

317 

, 5636 

.. :! 

-5110 

209 

317 

5636 

Tantalum 
.;, 

9420 
0 

9420 

200 
28.3 

2130 
,.1420 

710 
2840 --
7583 

546 
203 

749 

372 
716 

1088 

9L~20 

7583 

749 

1088 

9420 
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TABLE VII 

.~ater1als Balance for P1~ot Alloys 
-·· ·(Weight ·Given in Gr!3Jlls) .. _-., ... · 

Raw ·Materials 
.. ":.•\" .:: .. . -~ 

Col~mb1um, -200 mesh 
Tantalum, -200 mesh 
Blended. 25T9--75Cb,_ -200 mesh 

Total 

Losses 
'Ble-nding and compacting 

?.:J.-ritenng ·.. · 
Cold-rollmg and pickl}.ng 
Hydridmg_ an~ .mill i.ng · 
pampling_ and misc. 
Charge--for 75~a-25Cb_alloy 

Subtotal 

Gn Hand 
Ble-nded powder 
S1ntered bar 

'S1ntered powdeT, hydr1ded 
.-200 mesh 
+200.mesh (scrap) 

Subtotal 

Total 

·,_ 

··,, 

25% T~-75% Cb 

.600 
200 

Boo 

50 
_145 

13 
. B4 

39 
67 

39B 

129 

191 
. B2 

.. 402 

•. 

.... p ~ ' \p ,,: 

Boo 
.. -, r-

39B 

.. 402 

Boo 

.. 75% Ta- 25% Cb 

50 
2$3 

67 

-400 

203 
105 

2B 

.336 

64 

64 

.4oo -

336 

64 

4oo 
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TABLE VIII 

Materlals Balance for Production Alloys 
(Welght Glven ln Grams) 

25Ta-75Cb 50Ta-50Cb 
Item D.W Ba.l, L':J.W BaL -- --. 

Cb, -200 mesh, dehydrlded +2130 2130 +1420 1420 

Ta, -200 mesh, dehydrlded +710 2840 +1420 2840 

Blende~, Ta-.llned ml.ll* +50 2890 +110 2950 

Compacted, hydrostatlc, 40 TSI -65 !2825 -72 2878 

Slntered, cold-rolled, p1.ckled -215 2610 -158 2720 

Hydnd~d -70 2540 -80 .2640 

Ball mllled, Ta-llned mlll*X -482 2058 -162 2478 

Sampled (-200 mesh) -28 2030 .-27 2451 

'Product. c:in Hand 
-200 mesh +1910 1910 +2039 2039 
+200 mesh *·~* +120 .2030. +1.~12 2451 

* \ve~Lght galn .assumed to be Ta from the balls and llnlng 
H- Cb-llned_mlll used for 25Ta-75Cb _alloy 
*** Includes some material from balls and mll.l llnlng 

75Ta-25Cb lOOT a 
Ll.W ·Bal. Ll.W BaL -- -- --
+710 710 0 0 

+2130 ·2840 +2840 2840 
' 

.. +2~9 - 3089 Not done 2840 

-22 3067 -39 2801 

-117 2950 --101 2700 

0 -2950 -40 2660 

-349 2601 -76 2590 

-32 2569 -30 2560 

+2086 2086 +2130 .. 2130 
+483 2569 +430. -2560 



Tantalum Columblum 
As-Recelved As-Recelved 

Mllled Mllled 

Dehydnded Dehydnded 

I Blended I 
I 
I 

L Compacted ., 

S:Lntered 

I 

Arc Melted 

Cold-Rolled I Cold-Rolled 

' 
.. 

[ ·- Hydrlded 
l 
[ 

- l 
I Mllled l 

-200 Mesh 
-~Alloy Powder 

"·• .r 

FIGURE .1--.. Flowsheet. for 2'5% 'rantalum-75% Columbmm 
,, ' ' · Pllot Alloy 
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.Tantalum CoJumb1um 
As-Rece1ved As-Rece1ved 

Hydr1ded 

Milled I M1.lled 

Dehydr1de~ Dehydnded 

I . 
Blended I 

. I' 

; 
Compacted I , 

' ' .. 

I 
: S1ntered -I 

(• I 
Cold-Rolled -1 

I 
.. , I Hydride~ 

I' . 
. M1lled 

-
. , ' 

l . 
·-200 Mesh 

- All_oy Powder 

FIGURE 3 - Flowsheet for Product1on Alloys 
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APPENDIX 

Calculatlon of Interd1ffus1on Coeff1c1ents 

The temperature dependence of the self-d1ffus1on coefficlents of 
tantalum and columb1um 1s as follows: 

DTa 2 exp. [-110,000/RT J (2) 

DCb 12.4 exp. [-105, 000/RT J ( 3) 

Darken( 4 ) der1ved tbe followlng_expresslon for the 1nterd1ffus10n 
coeff1c1ent 1n b1nary alloys. 

where: 
rJ 

D = interd1ffus1on coeff1c1ent 
N1,= atom fract1on of element l 
D1 1ntr1ns1c d1ffus1on coefflClent of element 1 
N2 atom fract1on of element 2 
D2 1ntr1ns1c d1ffus1on coefflClent of element 2 

For 1deal solut1ons, the lntrlnSlC d1ffus1on coeff1c1ent lS equal to 
the coeffic1ent of self-d1ffus1on as measured-by the usual rad1oact1ve tracer 
techn1que: Thus, with the data ava1lable, lt lS poss1ble to est1mate the 1nter
d1ffus1on coeff1c1ents for tantalum-columblum b1nary. alloys. The d1ffus1on 
d1stance (x) 1n t1me (t) can tben be calculated from 

x2 = 4D t 

wh1ch lS an approxlmation,of Fick's second law. 

The calculated d1ffusiv1t1es at 1800, 2000, and 2200°C. are g1ven +.n 
~.Table I-A for alloys conta1n1ng 25, 50, and 75 we1ght per cent tantalum. Dlffu
SlVlty. lS· lowest for the 25% tantalum compos1t~on. 

The d1ffus1on d1stance requ1red for homogen1zat1on dur1ng s1nter1ng can 
be est1mated from the powder part1cle s1ze. For -200 mesh powder, the max1mum 
part1cle d1ameter lS 7,4 x lo-3 em. (74 m1crons). For d1ssim1lar part1cles 1n 
contact, the requ1red. 1nterd1ffusJ.on d1stance would be 3. 7 x 10-3 .em. ( 37 m1crons). 
For tp.e 25% tantalum al;Loy, this ·dlstance would requue about 48 hours at l800°C., 
fl ve hours at 20QO o C., and less than one hour at .. 2200 o C, 

R. ,L. Eager and D. B. Langmu1r, Phys. Rev. 89 (1953); 911 
R. Resn1ck et_al., Sylvanla Res, Labs, Report No, SEP-252 
L.-s. Darken, Trans. AIME 175 (1948), 175 

(March 30, 1959) 
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oc. 

1800 

2000 

2200 

TABLE I-A 

(::a.lcu1ated Dlffuslvlty 

2 
Temperature D:i.ffUSlVlty, em. /sec. 
~K.·- 104 /T(OK) ---,- 'ra.-.. .Cb 

"2073 4.82 5x.lo-12 Llx1o- 10 

2273 4.40 -5xl0-]l LO:x.lo-9 
.· .. 

-.2473 4.04 3.7xlO-lO 6 .5x1o-9 

lpg D~a = log 2 - 110, ooojli ·575T 

log Deb.= log 12.4 l05,000/4,575T -D-= NTaDCb + NcbDTa 

25 'w/_o Ta .50 w(_ o Ta 

2.o2:x1o- 11 4 .01x.l0-11 

.l.88xlo- 10 3,68xlo-10 

.1,. 26x10- 9- 2.4 3x.l0-9 

0.301 - 24,050/T 

L093 - 22, 950/T 

'75· w7o Ta 

6.8xlo- 11 

6.2xlo- 10 

4.05xlo-9 
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'l'ec hnology Department 
P 0 Box 580, NlagaTa Falls, N Y 

"PreparaLJ_on of Tantalum-CoJ.umbJ_um 
Alloy Pm;ders, " by C R Me Klnsey, 
Job Order No 840-95380-P, 
'rechnlcal Report No P-63- 9 _, 
dated May 10, 1963 

The enclosed techracal report by ~ E, McK:msey descr1bes the 
product 1.on of coJumblum-tanLalum aJ Joys for the Kemet:. D~LvJ_slon of the LJ_nde 
Company, to flll the1.r puTchm;e order No 233-L'J]l41.~, as sub-contractors 
under contract No NObsr 871-1-78 bet1•een LJ_nde- Keme t. and the Navy Bureau of 
ShlpS-

The alloy pm;der produced met the Kemet specJ_flcatJ.ons Wlth 
respect to SJ_ze and composJtlon However, flnal rnt.:rogen content \·illS 

sllghtly hlgh due to un~dentlf~ed causes 

Seven extra cople'3 of the report are be:mg sent. to C, M Brown 
for transmJSGJ_on to Kemet o 

GWH ce"I.J 
Enc (l) 
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